
DeprecIation Lives for Telecom Equipment

The middle scenario represents a balancing act for the LEes. If they ()\"er­
invest in upgrading copper. they risk entering the next century with an obsolete
network after having sunk large amounts of money into equipment to enhance the
copper technology. On the other hand. they cannot get fiber to everyone -.;imuitJ.nc­
ously. and. even if they could. it might not be the best plan financially. The middk
scenario avoids the two extremes. with wideband sen'ices being pro\"ided on car­

per in the early years. then migrating to fiber as demand increases J.nd costs (on­
tmue to fall.

Exhibit 7
Distribution Fiber to Meet New Services Demand
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Exhibit 7 (Continued)
Distribution Fiber for Broadband Services
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Exhibit 8
The Adoption of Distribution Fiber-Three Scenarios
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Depreciation Lives for Telecom Equipment

Adopting fiber more slowly than in the middle sc~nano WOUill require lOa large

of an investment in ADSUHDSL and divert excessive resource:- Jway from the
preferable. long-term technology-FITL. With the competition deploying mor~

efficient technology and offering higher-quality services. this would be u dangerl)U'

course. For this reason. we believe that the middle scenano implies the l11JXlll1UI11
rational deployment of interim technologies and that the late scenario is not a re~l­

sonable choice.

Howe\'er. this does not mean that the middle ~cenario is nect?ssJril\ [he ot:-;[

choice either. For companies that want to realistically compete In the pr(\\,lsion of
standard cable television sen'ices. as opposed to what has been called VCR-quality
interactive services. the early scenario is better. Also. regardkss ()t' cable l~k\i-;ion

sen'ices. many companies will adopt fiber strategies that \\ill be l11uch closer to the

early scenario because. given the increasingly competitive nature ot the indlhtry.

this is a less risky strategy. For these reasons. we believe that the likely industry

FITL adoption pattern will fall between the early and middle scenarios,

The result is an industry ARL of 10.2 years (as of 1/1/95') for copper distribu­

tion facilities for the companies that adopt fiber according to th~ middle scenarit).
Companies that aggressively adopt fiber optics \vill experience an ARL ot abolll - ,5
year',;, \ \ We believe that competitive forces in the industry will lend to mt)\'e th~

indu~try as a whole closer to the early scenario. The:-;e estimate-; Jo not take tnw

account the impact of competition, TFI" s 1995 competiti\'t~ impact srudy sho\\'cd

that competition from \\'ireless technologies and cable t~k\'i ..,it)n could r~duc~

remaining economic li\'es for copper cable to bet\\een t\\'() and fi\c \·l'ars. ('\'en
under the :.lvcrage liber adoption scenario. 1~

Metallic Cable. Composite Lives

Ignoring compcrition. we recommend a\'eragc remaining li\'c:- of ::.9 ycar~ lor

interoffice copper. 7.0 to 7.8 years for copper feeder. and 7.5 w 10.: years for

distrihmion. About 5'ir of CUlTent metallic omside plant investment IS in mteroflice

facilities. with the remaind~r di\'ided equally het\\'een feeder and distribution,

Thus. a composite ARL for copper outside plant should he het\\'ccn i,n and ~, 7

., "\ec Tanl\: ,;.~ 10 AUacnmcm " IlIr .-\RL ..:omputallon",

:: L. K. \ •.mston anti C, Roger". \V/n'/('s\ <llld Cuh!t' \ OIC(" St'rl'lcL'.\: [-"or('('ultl UllcI C,mlfletrtill'

/11II'lIl'lS 1,-\USlIll. TX: Tcchllllillgy FlIlLIrc", Inc .. 11.J4:\;.
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years. i ~ For:l typic.l1 company. this would correspond to a projection life of
between I-+ and 16 years for the installed base of equipment. A r:.lnge oi Pr0.i~,"·tion

lives are pro\'ided since a specific projection life corresponding to th~ industry ARL
depends upon age. distribution. and CUf\'e selection.

As an example. underground cable is mostly imeroftice and feed~r. ~ll1J an .\RL

of 6.6 to -;.3 years is recommended for that accOllnt. I " For ~\ typical company. rhi,
ARL corresponds to a projection life of between 13 and 15 years 1'or thc instalkJ
base of equipment. It should be noted that the projection life depends on CUf\'C

assumptions and the a\'erage age of plant. which will be unique for e:lch company.

Lives for Fiber Cable

Although there continue to be significant technological imprO\'emenl~ in tiber
optic cable. it is not yet clear how much of today's single-mode tiber will he
replaced when superior technology becomes available. Much of the muhimode
tiber installed in the early days of fiber has been replaced with single-mode fiber.
With such an historical prece~ent. we cannot rule out technology-dri\'en replace­
ment of fiber cable. Howe\'er. with the exception of the mllltimode to single-mode
transition. upgrades to existing fiber systems have concentrated on the associated
electronic~. For this reason. we did not apply the same type of substitution analy..;is
that we did for the other accounts. This is not to sa\·. however. that fiher
in\,estment will ha\'~ especi;J.lly long li\'es.

As identified by GTE L;J.bs and Bellcore. there ;J.re four major factors impactin~

fiher li\'es: technological obsolescence. topological ohsolescence. mcch~U1ical

degradation. and optical degradation. Technological ohsolescence is to be expccteJ
e\'~n if the successor t~chnology h not ob\'ious today. We havc already ...cen (11K

generation of fiher optiCS be repbced. as multimode tiber made way for single­
mode fiber. Also. manufacturers continue to improve the hasic propenies of tiber
such as tlexibility. strength. clarity. transmission quality. reflectivity. refrilcti"lly.
and durahility. Topological obsolescence is where the location. routing. sizmg. or
architecture of a fiber installation later proves wrong. Finally. fibers eventually \\'ill

:' Till .. b ;; \\'el~hted an:ra~-:. For the lower \'aiuc: :;c:; x 2.lJ vcars + ..7.:;(;; x 7.0 year.. +
47':;Ci )( 7.~ yea-I'I: ="1() ye~r~. For the higher \alm:: ~(',; x 2.si year... + .n.5cl, x 7.S year ... +
......~ C, ;< l(l: ycar~ = Ii. - years.

J. ThiS IS a \\cq;htcd ~l\eragc compulcd from the rclalJ\'c 1n\·CSlnlenl ... In feeder and imcrofticc
:adlillc~. For thc Il1\\Cr \'alue: I()c;( x 2.Y years + tJOS x 7.0 ycar~ = n.n \'cars. For the hIgher
\',due: 10(',; "2.'1 year, ... l)(lC~ x 7.S years = 7.3 years.
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Depreciation Lives for Telecom Equipment

crack or "go dark" with age. causmg degradation in transmission cap~lbility,

Although more careful fiber specification and installation has impro\'ed lib:::- iiH':';

eventual wear-out is still a factor. 15 Putting these factors together. the best ~l\ail­

able technical judgment indicates that the projection life of fiber should b(' 20 ycJr...
and that anything more pUts the recovery of capital in jeopardy. i!'

Because of competition. any im'estmem in the local exchange network I1lW, h~l'"

an element of risk. The investment and accounting communities must rd1ec: thi~

risk in evaluating assets. I i Although. from a technological \'iewpoinr. a pro,lc..:tion
life of :0 years is appropriate. there should be a downward adjustment for the risk
factor. Obviousl~;. the :lppropriate amount involves some judgment that qray-- from
the realm of both mortality analysis and technology forecasting. hur fi\'e ye:lrs may
be :l re:lsonable adjustment. Thus. a life of 15 to 20 years i:- recommended.
depending on whether the risk factor is considered.

Lives for Digital Circuit Equipment

The digital circuit equipment account includes a variety of different equipment
types. some very modern and some quite old and nearing obsolescence. Ho\\e\'er.
\'irtually all circuit equipment will be impacted by SONET technology. Thu:-.. fore­
casting the adoption of SONET allows us to calculate an upper bound on the pro­
Jucti\'c life of :lny type of circuit equipment.

Exhibit 9 shows our forecasts of the percentage of capacity on SO;-";ET fnr thc
interoffice and loop environments. respecti\'ely. These forecasts are hased t)11 the
Fisher-Pry model applied to estim~1tes and planning data from I1me LEC.",. :-11ll\\11

hy the hollo\\' boxes. By 2005. essentially all currently-deployed digital circul!
equipment will have been replaced by SO~ET equipment. Combining the Inter­
office i.tnd loop forecasts implies a weighted ARL for digital circuit eqlllpmCl11 o!

1-' ThL' physil:al propcrties of lihcr arL' \ ~ry di ftcr~nt from thnsL' of l:opper. and thcir ph\"'II.:;l! 11\ e"
.Ire affc':lcd ny different factors, TllUs. hi"wned wpper lin:s pro\'ioc no gUlo.lOl:e In c"llmalll1~

tincr Ii\cs.
Ih C. ~l. Lcmrow. Cornin!.! Glass Works. "HO\\ r-.1uch Stress Can Fiher Take.'." Tl'iellh'JI/\ \ \la\- '

:::.. IYHS l:S2. Also. Bcllcorc Tcchnic~l! AU\'lS\lry Commillee. Gl'I/Crf( Rcall/rel/WI/II' for ()I'(/{ul

"-;/1('1" lIl/il O"tim! Fiher CliMe. Issuc X(T.-\-N\\'T-(l()()020. DCL:cmhcr II.JI.J I J. p, :,
, ~ CPI1lPCtill\'C T1SIo;. was adLlrcssed n\ ~looJ\ "In\cstnrs Scn'll:c Is.;': T{'(('('(llI/l/ltfll/('(/{/(lf/.\

ReflorIS IDecemncr 6. IY9~l:5) \\'lIh ItS \\Jrnlng: ··In alldilJon. It sa", Ihc trcmJ \owanltch:nl1\lm:
.:omoaOlC" cntcTln~ each other's local c\chJn~c marKcls throu~h al1J;,ml:c~ \11th l:ahk: T\ on~ralor'

.Ind tile prospCCt 01' ncw \\Irclcss scn'!L:CS h;l\C Increascd the l:OmpCllll\C TlSK at tl1C local loor k .. .: I

·"'lgnlfi':Jntly,' Telco s Jeht rallngs 'arc lik~IY to t'le t.1o\\ngradeJ as.l rcsult. .. Tile same ns>; 10

the tc[(;o·'" Jcht is laccd hy Ihe telco's as"'Cb.
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3.7 years. 1R.19 For existing digital circuit equipment. this ARt Implies a proJec­

tion .life of eight to nine years for a typical company.

Exhibit 9
Adoption of SONET Equipment
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Lives for Analog Circuit Equipment

The analog circuit account includes analog carrier equipment and \'anous other
equipment for use in an analog en\'ironment. notably Metallic Facility Tern1inalion
(MFT) equipment used for line treatment and conditioning on subscriber private­
line loops and Switched Maintenance Access System (SMAS) test equipment used
to test individual analog circuits.

11\ This IS a conSCf\'atl\'C estlmatc hCl:ausc. tn addition to SONET. !here arc other drl\'crs that will
,~ausc partll:ular types of digllai ~lrl.:UIl cqulpmcnt 10 hc rctlred heforc 2000. Firs!. D-channcl hanks
ha\'c necn and will.:onllnuc to he rcplal:cd hy DIgital Crossconncct Systems. as well as hy dircl:!
tntCrlal.:eS to digll:ll s\\'lll:hcs. Second. T-I tcrmmal cqulpment and repcatcrs arc rCllrcu whcn fiher
opu.:s systcms arc deployed, Third. ccntral offkc OLe !crmtnals arc nelng replul:cd hy direct OLe
Intcrlaces into switches. which abo eliminate thc need for linc l:urds on lhe sWlIch,
19 Sec Tahlc :',4 in Allachmcnl :; f{lr ARL computations.
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DepreciatIon lives for Telecom Equipment

Analog carrier equipment has no economk \'alu~. but. in .1 fe\\ r[;J.c;,?s, it 11:1' y~r

to be officially retired. It simply has no place in a digital network. Th~ ~l~~n)t"nare

remaining lives of this equipment should be zero or at le;].st wry. wry i~~\\

The other analog circuit categorie~ are also baSically ob't)kt..:. C)J1Jitl\'·~.:.;

line., are usually used for private lines that carry d:lt:l traffi.: \'i~l mnl1;::::'< a: :';~:-:~:.

d,H;l rates than can be handled on st:.mdard line~t, In many '::t'es. d:;;:,:1 f':':\:l~(, i:,::,

;lre replacing conditioned analog lir.es for these :.lpplic:l!ions: in ,)the:',. linf'i\'\':J

modems allow the same data rate~ o\'er unconditioned lines.. S\L-\S le'l c:.lral~i\i:y

is being replaced by digital circuit equipment such as Digital ,-\cces' ;md Cn)~,­

connect Systems (DACS).

To keep things simple. we estimate the life of the entire ;lnalog circul! :lCCUUI1l

by tying it to the demise of the analog central office en\·ironmen!. in pJrticubr rh~

demise of analog switching for the industry. Although some ~omp;.mie~ h:.l\"e

already replaced their analog switching. the industry ARL should be :\ gaud
surrogate for the end of the analog environment. This is conscty:ltiw :-incc :nucn

of the account. especially analog carrier. will be gone before analog switchint:. Our

forecast for analog switching. shown in Exhibit 10. yields an ARL of :.S ye:i!"' ~L';

of 111/95. Thus. we reconunend this as the maximum reasonable life for analog

circuit equipment, For a typical range of comp:mie~. thi:, ARL cnrre~rolid.; tD a

projection life of six to nine years.

Lives for Analog Switching

Exhibit 10 shows the percenrage of access lines on the major ,witch technolngy

types. At year-end 1993. ASPC switching served 31 c;.. of acces., iines, \\"e e\r~c:

this figure to fall to 5\( by 199~ ;ll1d 1l"( by 2001. The forecasts \\ere dCl"J\"cd

L!smg a multiple ~ubstitution analysi" of historical and planl1l1lg d;Lt:l.:\l Til: fore­

cast implies an ARL of 2.8 years for analog S\\'itching.:;

:0 The hlslOrlcal data lhrough 19R4 arc lrnm TFI files. Thc hbtnm:al data lor 1t)l)(}.I tlq; .11'-:

lrom AR~IIS reports tikd wilh the FCC. Jml1hc rl:.mnmg ll:\la lnr 19l}~·1l)t)" arc thc \\cl~llkl:

a\crage from clght LEC, {rcpresenting (ncr 1()(1 million \\nri-.l11g (h:'lnl1cl, 111 It)t)~1 tlut nrll\l~kd

u~ \\llh planntng data.
: i Scc T;jhlc 3..5 in Alta-:hmenl ~ for ARL (OmpUIJlIllns.
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Exhibit 10
Switching Technology Shares
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Lives for Digital Switching

Sourcc: Technology FUlurc~. Inc.

There are two factors to consider in computing digital switching lives. First.
digital switches use a modular architecture that allows individual components of the
switch to be upgraded independently to increase capacity. improve performance. or
add new features and capabilities without having to completely replace the switch.
This creates interim retirements of the components that are upgraded. At the end of
the life of a switch entity. most of its components will likely have heen replaced at
least once. Second. today's switch architectures. flexible as they are. will ulti~

mately he replaced hy a new switching architecture based on ATM.

Our approach to estimating digital switching lives IS to concentrate on interim
retirements. We divide the switch lOto Its major components and estimate the life
for each component using technology forecastmg. Then. a composite life IS esti­
mated by weighting the component lives by their percentage of switch investment.
Digital switching. bemg relatively new. has expenenced relatively few modular
changeouts so far. However. there is evidence that interim retirement rates are
Increasing. and our forecasts indicate Ihal they \\lill increase dramatically in the
future.
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Depreciation Lives for Telecom Equipment

The major functional components of a digital switch are the follo\\'ing:

• Central Processor/Memory-This is basically computer equipment th~lt

provides the "brains" of the switch.

• Switching Fabric-This provides the \'ery basic function LH' a "witch:
making the connections between incoming and ourgoing communication"
channels.

• Trunk Interfaces-These connect the switch to interoffice transmission
facilities leading to distant switches.

• DLe Line 11llerfaces-These connect the s\';'itch £0 DLe facilities in the
loop plant.

• Baseband Line Imerfaces"2"2-These connect the switch to baseband copper
loops dedicated to individual customers. (Traditionally. these provide
analog POTS service. but this category includes equipment providing
baseband digital sen'ices such as narrowband ISDN as well. )

• Shell-This is the common equipment. such as some cabling and power
equipment. that is not modular and will last the life of the switch entity.2:;

Exhibit 11 illustrates how these components make up a digital "witch.

22 Technically. haseband rcicrs to SIgnalS that arc not mulliph:xcd or modulated. where the
conductors carry the Signal for onl~ a ~lOgic channel. Here. wc extcm] thc definition slightly to
include services such as narrowhand ISD:" which involn:s several (.'hanncls trom tile ~anll'

customer on a single copper pair.

23 In some cases. it ma)' includc the physir.:al hOllsing 01 switch components. hut olkn these arc
replaced along with the componcnts.
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Exhibit 11
Generic Switching Architecture

Processor/Memory

Switch Fabric

-- To Signaling an:
Data linKS

Baseband Line Interface

,
To Copper Feeder Plant

OLe Line Interface

,
To Copper and Fiber

Integrated DLC Systems

Trunk Interface

,
To tnterolfice

Source: Technology Futures. Inc.

As noted, the modularity of the digital switch creates interim retirements of the

components that are upgraded. Our analysis. summarized in Exhibit 12, yields a

composite ARL of 6.3 years as of 111/95. For existing equipment. this corre­

sponds to a projection life of nine to 11 years. depending on the average age of

existing equipment.
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Exhibit 12
.Digital Switching-Modular Retirement AnalysIs

Component
o/c of

In\'estment Ke\' Drh'crs

Composite
.-\RL Contribution

(vearsl Ivearsi

Proccssort).1cmory 29C:C Lil'~ ~yd.: ;;.n ; ......

SWHching Faori;; sr, Life -:ydc 6.: A.nt ,",. (I I) -l.~

Trunk Interface \",r 10 SO:'\ET + : yr~ .:..~ (). :'..1-,
OLC Line Interlace ~c.; Feeucr SO;\ET ... .2 yrs f,._~ n.:::
Basehand Line Interfacc ~Oc:;. DLe. FITL. & Dig Ser\"icc<; 6.:- "'I ,~

Shell gr, AThl Architecture 13.3 : .On

Composite 100<:( Composite ARL =
(as of \/1/95)

SOI/rce: Technology Futures, In.'.

The investment proportions shown in the exhibit are a composite of studie~ by
several LECs. Note that the processor/memory and line interfaces represent. by

far. the greatest portion of switch investment comprising '73c:r l)f the investm\?nt in
the switch. and that the shell represents less than lOt;'(.

The component li\'es shown in Exhibit I::; \\'ere estimated by J combination l)f

methods. The processor/memory life was based on a 199: analysis of first-genera­
tion purchases and retirements for ~orthern Telecom s\\'itches.:~ The switch fab­
ric life was based on our forecast for the integr:.ltion of.-\T~l into existing switd11.?:--.
:.lS well as near-tenn changeollts. The trunk mterface :.lnd OLe line mtert'acl.? Itw"

were based on the SO:'\ET adoption forecasts presented e~lriJer. \\'lth a l\\O-ycar la,:;
added to account for the delayed impact on s\\ltch1l1g. The life for the large:'l elm1­

ponent. analog: line interfaces. was ba~ed on forecasts of the adoption of imegratcd
OLe and FITL. as well as the impact of new di~ital services. including narrowhanu
ISDN on non-DLC access lines.

:.J. L. K. Vanstnn. B. R. Kr:.l\"ltz. and R. C. Len? ,.1 rei'll:!!' P"(1./('crrrl/~ Ll\('\ (If D''.!/I(I! Swtrc/lIw,:
(/lui Cirelli' E'llIumlem (.-\ustln. TX: Tc(;nn(llog~ Futurc~. In.: .. 1lIl): I. Prcparec.J lor Ih.: Unlled
States Tclephonc AssoCJ:.lllOn I L'STA l.
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The shell. which comprises less than IO~ of the inyestmem In a switch. IS the
part that is not modular and will last the life of the switch entity. The she·ll will be
retired when ATM switches dominate the public network. Exhibit 13 shows our
forecast for the percentage of access lines served by AT),1 switching. along \\'ith th~

ATM implementation method.25 The first ATM switches in the public network Jr~

separate switches that are overlaid on the existing network. \'ext will coml: :\n 1
as a separate switching fabric in existing switch architectures. !':either of tht::-;c
deyeiopments will have much impact on existing narrowband switch li\"l~s. Onc~

certain conditions are met. voice traffic will begin to migrate to ATM. First. an
ATM fabric will become the primary fabric in existing digital switches. replacing
the narrowband fabric. 26 Eventuallv. howe\'er the entire switch entity will likely be. ..
retired. After all. today' s digital switch architectures were not optimized for AT!\1.
and they will eventually run out of steam like electromechanical and analog elec­
tronic switches have.27 The percentage of access lines served by AThI as a ne\\'

architecture is used to estimate the life of the shell. The replacement by a new
architecture is not forecast to occur until after :WOO. and its exact timing is subject to
significant uncertainty. However. this uncertainty is not problematic in estimating
digital switching lives. because the shell's percentage of the switch inyestment is so
small.

25 This forecast assumes that AT\r:. initial applic:llion is limit~d to data s~n'il:~s and ATM docs
not rcal:h I Ci( of acccss lines untillh~ cnd of 1996. hUI lhat. thereafter. ATM i~ adoptcd at th~ same
average pace as digital Swilching was. Th~ implcmcntatlon estimates were derived from the results
of a 1993 survey of network planncrs at nine LECs.
26 ATM switchcs arc incredihly fast. h::lvc tremendous capacity. and have a low cost per unit of
handwidth. As the COSt gCts cv~n lowcr and cenain other requiremcnts arc mel. It will hecom~
more economical to switch voice on ATM than on lraditional switchmg fabrics.
2: Thcrc are several ahemall\'c sl:cnarios for how ATM switching may he adoptcd. For exampic.
narrowhand services may migratc directly to new ATM switchcs. rathcr than firsl hcing
implementcd as primary fahrics on e.... isting switchcs. Altcrnativcly. it is possihle IhUltoday's
dlgaal archilecturcs. upgradcd to ATM could prove more rcsrlient than cxpccted. postponing the
adopllon of a new architecturc. Also. It IS possihlc thaI narrowhand serviccs could stay on
narrow!'and fabriCS longer than expccted. Finally. LECs might delay upgrades to cxistmg digital
,WitChes In anllelpallon of ATM. As dIscussed in TrOIlJfomw/Q rhe Lowi Exd/{lIIgl' Netl1'ork.
nonc of these scenarios IS Iikciy 10 slgOltkantly affect our estlmatc ot I:Omposac .livcs for Jigita!
switching.
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Exhibit 13
ATM Switching-Percentage of Access Lines

Digital
Year Switching FITL ATl\I

(All T"pes') Switchin!!
1993 68.0'ic 0.2~c 0.0e:
1994 76.1 'ic 0.4':(' 0.1 C(

1995 80.6'ic O.S'ic 0.6CC
1996 86.1Q 1.5'ic i.Oc(
1997 90.27'0 2.89c 1. iC:-c
1998 94.8% 5.2S- 2.i("',
1999 97.3% 9.19t 45c(
:WOO 98.60/c 15.3'ic 7.2S·
2001 99.3'7c 23.6'ic 11.5 C:-c
2002 99.6% 33.1'70 17.8S'c
2003 99.8% 42..+C7c 26.5lJc
2004 99.9% 51.0% 37.5'7c
2005 99.9% 59.0q. 50.00"c
2006 100.0C;C 67.1'7c 62.5C::-c
2007 100.0CiC 75.0Cfc 73.5C:c
2008 100.0"lC 82.2'ic 82.2C:-c
2009 100.0lJ'c 88.29t 88.5c;,
2010 100.00(- 92.50C 92.S'T
2011 100.0"lC 95A9C 95.5<;{-
2012 100.0C:c 97.3C; 97.Y::C
2013 100.0Cfc 98ACf( 98.3liC
2014 100.0ge 99.1 'i, 99.00(-
2015 100.00(- 99.50(- 99..+CC

SOItlH': Tc(;hnology Futures. In.:.

Summary

The forecasts imply rapid obsolescence of the existing 10cal telecommunicati00s
mfrastructure and accelerated ad0ption ot new tcchnoiogy. These ch:mges. dri\"cn
by technolog~ advance. competition. ana new ser\"lccs. are occumng aerns:- all
major categones ot network ;:qUlpmem. The recommended 1i\'CS implied hy aliI'
forecasts are summanzed in the table beio\\". These are mdustry averages. although
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they should generally apply to individual companies with modest variation. These
lives are significantly shorter than those used in regulator\' accountin~. The\' reflect. _.
the realities of technological change and the need to provide advanced communica­
tions services. They do not. however. fully reflect the impact of competition on the
economic life of equipment and. therefore. may still be [00 long.

Exhibit 14
TFI Equipment life Recommenqations

"''''''~i

;Technolog)'

Olllsi{Je PJa1lt
Interoffice Cable. Metallic
Feeder Cable. Metallic
Distribution Cable, Metallic
Metallic Cable. Averaged
Cable. Non-Metallic. All Types

Circuit Equipl1lem
Analog
Digital

Switching Equipment
Analog
Digital

Recommended
Industr)'

A"erage Remaining
Life (111195)

2.9
7.0 to 7.8

7.5 to 10.2'·
7.0 to 8.70

'

2.8
3.7

2.8
6.3

Corresponding
Projection

Life'

14 to 16
15 to 20=

6 to 9
8ro9

9 to 11 ~

Thcse an~ estimates for the industry avcrage: some companies may havc lower or highcr proJcL"
tion lives. Note: Tlie projection life is for thc installed hase not newly·installed equipment. and
depends on the panicular distribution of plant a company has.
. , Ignoring competition for voice services.
: The IS-year projection life retlcets risk due to competition.
~ This is a rcasonable range of projection lives for existing equipment lhal corresponds 10 the rec­
ommended industry ARL of 6.3 years. Companies Wilh a shoner ARL may havc a shoncr proJcc­
tion lifc.
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Substitution Analysis and
the Fisher-Pry Model

SubstitLHion analysis examines patterns of technology slIhstitmion-a rattern
which is remarkably consistent from one substitution to another. The ~Idor­

tion of a ne'" technology '\tarts slowly. As the new technology impro\"cs. it
becomes generally recognized as superior. The old technology. hecause of inher­

ent limitations. expcriences falling market share.

If the percentage of the total market captured hy ~I new technology is plotted

over time. an S-shaped cur\"e results. Experience shows that a particular set ot

models. namely the Fisher-Pry model and its extensions. IS most useful for tore­
c<lsting. The model was first descrihed hy Fisher and Pry in 1971. I It has been

shown to be appropriate for substitutions In harh telecommunic:.Hions and other
industries. \'lore than .200 substitutions. in industries ranging from chemicals 10

J. C. Fi"'lll:r ;lntl R. H. Pry. "'\ Simple SubSlilUlllJn \loJci of Tcl:hnologl':;ll Chant!c'"
Tec;IIIf1101!1cai Fm'enlSTlII!! (/lId Soc/£/i Cill/lIl!e .~ ( i Y'" II. rr. 75-1'1'.
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~via[ion. have been identified that fit the Fisher-Pry p:,mern.: The S-.. haped ;':~II"\,-'

defined by the Fisher-Pry model is shown in Exhibit 1.1.

Mi.l!hematically. the model can be \\Tillen:

ylt)= 1 III +c-btl-;\'l

\"here y(t) is the fraction ot th~ n~\\ tedlnoiD~y at tllne 1. Th~ parametcr a I'" the

time the new technology reaches 50S of th~ rotal universe of the olJ and IlC\\

tel:hnology. The par~lmeter b measure:-- how fast the :--ubstitlltJnl1 rrocceth .-\11­

other commonly-used measure for the ral": or "ubstitlltion i" th~ Fishcr-Pry ;ll1llual

"uhstiturion rate. defi:1ed as r =leh .1) ;~ JOC)CI[ .

. R. C. Lcnz and L. K. \.ms[on. C(ll/Il7a/"l.w!F.I IIi Tl'c!lI/olot:y SlInS/lll/lIOIIS III Tl't'L"I/I/lH/lHUllru/l'.

and O//rer/lldll.wries I AuslIn. TX. Tc.:hn()Jpg~ FUlUn:s. Inc.. J9Xh L
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The shape of the CUf\'e i~ remarbbly constant from substltutlon H' ~U~"titll­

tion. However. the time period o\,er which the SubstltUlion tak~~ pl;'Ke \'an~'

greatly from one substitution to another. In electroniL·~. comrk!~ "ui""tltutll1n

may occur in less than 10 years. while. in the past. compl~t~ ,ur"ti!~:!l()n 01;'1:

ha\'e taken o\'er 20 \,ears for some telecommunication~ sUDstitulll'n, Tl'.L!\.- ,

telecommunications substitutions are becoming some\\'hat I1hH';: lih' thl"'.' ':~

electronics. The time period is related to the substitution rat;: il.J:' ~, 7',:rt l\.'lll ,,:'

substitution.

The ratio of the new technology to the old technology is called th~ Fi~h.:r-Pr~

ratio, Against time. the Fisher-Pry ratio plots as J straight lin~ 0n a ,cl11iil\~arit!1­

mic graph. as shown in Exhibit 1,2.

Exhibit 1.2
Linearized Fisher-Pry Model

100~.,..--------------------~9S

ioL
~

"0 t
o I
- is-
~ ~
Z r

l.j ::

~
, 0 J::......"'--'- .L-..................~ ........__'_...J_......... ~'__'__"__"__'__1_~__'_"'"'__'

SOI/I"l: T-:-:hnlllt,~: r:uluro:~. Illc'

The nght-hand 'icaJ~ on the graph sh(l\\'~ the market rcnetration of the n~\\

teChnology. The semI10garnhmlc graph IS commonly used when analyzmg data

because It IS easier to \'lsua!ize than an S·"hapeL1 cur\'e, The S-"haped curw I'
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more often used for the presentation of results because it is easier to explain and
interpret.

Forecasting with Fisher-Pry

\Vith the Fisher-Pry model. the future course of a partially-complett: SUOStltU­

tion can be forecast. Using linear or non-linear regression analysb. hiqoncal Jat~:

can be used to obtain estimates for the-parameters a and b. These estim:lte:-. can
then be entered into the Fisher-Pry equation to obtain projections for future year:--.

In some cases. it is necessary to forecast the adoption of a new technology
before it has begun to penetrate the market. Lacking historical data. forecasters
can turn to analogies. For example. if similar historical substitutions occurred at
substitution rates from 50% to 100'ic. one can posit that the new substitution may
occur at the rate of about 75% (or 50C;:C, to be conservative). Also. expert opinion
and other forecasting techniques can be used to aid in estimating the appropnate
rate.

Extensions of Fisher-Pry

In practice. not all technology substitutions exactly folio\\' the Fisher-Pry
model. For example. in some telecommunications substitutions. an ~:.lrly rapid
rate of substitution has been obsen'ed to prevail lip to the WC':"( k\"el of substitu­
tion. followed thereafter by a somewhat slower rate. Beyond the 90£;";- suhstitution
point. the rate tends to increase again. Forecasts can be adjusted to account for
this deviation by referring to historical substitutions as analogies.; In the ca"e or
multiple substitution (described below) and in other siruatinns. slIcl1 a:-- carital
constrained substitution. a more ngorous approach can he taken.

Multiple substitution occurs \\hen the substitution of on~ tccnnolog: ror

another is in progress and a third technology enters the market. For example.
digital switching was introduced before analog electronic SWitches had com­
pletely replaced electromechanical s\\itche~. so both analog and digltai switche"
were substituting for electromechamcaL Research (weI' the pa~t nInl? year'- ha~

. For example. ~ce LCnl_ and Vanston. C(ll11parrs(l/ls_
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pro\'ided an imprO\'ed understanding or' multi):-'!c "uh"tllut!on. and rr;,H.:tK~d

techniques h;.l\·e been de\'eloped for dealing with it. c

Projecting the Market Share of the
Old Technology

The market remaining for the old technoiogy l~ Jen\'ed (1\ "'1l11~lY ... uNra..'"n;
from IOOC"( the percentage of new technoiogy Jetermmea t"y the Fisher- P:':

model. As shown in Exhibit 1.3. this is the same a~ rewrsing the S-,h~!pcJ ,:une,

Exhibit 1.3
Market Share of the Old Technology
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Tune

SlIurc£,: T~chnology Futures. lnl.:,

-"c~ .l111m \\ I-\.':Itli. ,-if11111CllT1OirS oT f/le Fil'/re/'·Pn ,\fodd r" \fI!l·HfII/lo'.!('I/eOI/I Ted1lJoio!.:lcu{

POIl/l/cillOI/I. ,~Y1'iEX Ser\ICC COnlp:.lnv ( IlJK7\ induJ~tI ;1",'\rrenJI\ H in L. K. \'anslOn and R,
C, L:ni. Tcchll%!.:/u/I SWJSf1111l1(l/1 1/1 Tralls/Hiss/IIIl F(I('Ilirr!" (II" Local Tc/eco/lll/ltll1ic(/f/olls

i AUsllll. IX: Te(.'hnolo~y FUlure~. Inc ll)XX I, Abo. "ec L. 1-\.. \' anston and R, C. Lent.
TI'('/1I10iIJl.!lca/ SU/lS({f11f11J1l 1/1 SIl'llcllJllf.: EquipmenT tnr Local Tde('o/JIIIlUJlIC'milllls \ Austin. TX:
Tt:l:hnnillgy Future.."In.:,. 1l)~Sl. pp, 11-1Ii,
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Projecting the Number of Units

The Fisher-Pry model predicts the perccmag(' of new and old {~Chl1L)il':;:" Tl'

calculate the 11umher of units of each. an Independent forecast of the toui m~l!'~-:t

must be made. \1ultiplying the total hy the percentages yield~ the nu:nbc:' nr' un!!,
of the- old and new technology, Exhibit 1A illustrate~ bO\\' growth: In tbi:- ,-·~bc. "

SSC per year growth rate I affects the number of units of the Llld {echnol~):;y .
.-\lthough the old technology i~ losing market share. it can continu~ !() ~I\)\\ l'l.r
se\'eral years after the introduction of the new technology.. The faster th~ gnn\th

relatiye to the substitution rate. the larger the effect.

Exhibit 1.4
Projecting the Number of Units

"1
200 ~

OIl ['

t1St
= 100 '

z t ~ Old Units ,

so~ ~

,1----"'--'----"""-"'----;~"'-,---'='
Tune

Relationship to Product Life Cycles

The rroduct life cycie sho\\· ... the units of a technology In ~oI~J'\'ICC mer tll11':,

Fisher-Pry can be used to forecast tile product lite l'yde on a pcn:cnt~I~C ha'l'"

\\'hll.:h can then he lIsed to 'late the forecast in terms of the numher or unih. Ba.. !-
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cally. when a technology is new. its S- ... haped "'lIb~titlltion cur\'e k)rm~ th~ up ...id~

of the product life cycle. \Vhen a newer technology come ... along_ the rewr...e 01

its S-shaped substitution CUf\'e forms the down ... ide of the rrodllc! lif~ cyCle l'll;

the earlier technology. This process is illustrated in Exhibit 1.5:.l, Till ... 'Imple

explanation applies only when the substitutions do not o\'eriap. I.e,. tll~ :'irq 'l,r-­
stitution is complete before the second hegins, This situatIon I... now r:lr~ 111 li1~'

electronics. computer. and telephone industri~s. where ne\\' technologies comt: on

the heels of one another. For o\'erlapping substitutions. the connection between

the S-shaped substitution cur\'es and the life cycles is more complicated. a~ indi­

cated in Exhibit 1.5b. ~

Exhibit 1.5
Fisher-Pry and Life Cycles
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, A more detailed explanation i~ gm:n tn .-\ppL:ndl\ :\ of L. K. V<.lnslOn. B. R, KrJ\itz. <.lntl R. C.
Lenz. A I 'era'.!!' PlYljeClio/l VI'C,I o( DigIlllI SIl'l1chl//(! (lilt! CirCUli Equil'lIIl!lIt (;\u~t11\. TX:
Technology Futures. Inc.. 14;)921,
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Forecasting Depreciation Lives

Fisher-Pry substitution analysis can be used to forecast end JJt~:- f0! an ,)IJ

technology. which can then be incorporated into a standard deprcc:atlOn anai\ '1'

Fisher-Pry can also be used to help deri\'e the survivor curve frem \\,nl::1 :t:,­

a\'era~e remainin!.! life (ARL) of the old technoloSls can he calClll;ltec Thl' :,:\.-- - _.. ,

cess im'olves several steps, First. the forecast must be stat~d in ten1h ~)f the ur.lb

of old technology. as discussed above. This curve includes all ~urvi\(l!'''' of tile ()ij

technology. while the survivor cun'e applies only to equipment in pb:e a:-. of I he
study date. Thus. to obtain the survivor cun'e. we must subtract th~ additit)Il' n!

the old technology that are added after the study date. as well a~ ~qllirl1\;,:nt i..:ti:--.:d

due to normal mortality as illustrated in Exhibit 1.6.
h

Exhibit 1.6
Computing the Survivor Curve

100
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.e.
'" 60:a
::l
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1.1 Fast Study Date SUI\;"'ors
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O Pre-Study Qcte SUl'ixcrs
(Old Tech.)

- Totc: Survivors of O::l iechnolo9)'

66 8i 88 89 90 91 92 93

1 Year End SOIT'rivoTS

Study Date - 1/1/8i

----------------------------------

-. For morc Jel~lib. SCI: Tcl:hO\·cr 1\; m.:nua! (AU"llll_ TX: TcL'hnlll()g: FUlun.:~. lll~ .. 1%-;-,. rl' ....... i ­
X.IO,
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For 2eneral studies. a reasonable estimate of ARL can be obtamed tw usin£:... - -
the proponional cur\'e directly. as illustrated in Exhibit 1.'7. \'eglecting growth
may cause the ARL to be underestimated by about a year. whIle neglecting
retirements due to normal retirements can cause the .~.RL to be o\"ere~t1mated \1~

about as much. These factors tend to balance each other and. thus. foreclstcr, set

a good estimate unless the growth rate is extremely high or normal retirement.; arc
especially low.

Exhibit 1.7
Estimating the Average Remaining Life from the

Old Technology Market Share
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Company Forecasts

Substitution analysis can be applied to both an individual company s d~lt:l or

to industry data. Naturally. industry data. spread over a larger population. tend,

to produce smoother curves. Also. individual companies may lag the induqry

substitution. but toward the end of the substitution. they tend to increase theIr ;'a~\?

of substitution and catch up with the industry. This has the effect of causll1g th~

entire industry to have essentially the same end-date and keeps the industry on th~

Fisher-Pry curve.7 This observation is not surprising. since J company cannot

stay competitive (or in business) if it fails to keep up with its competitors in the

adoption of more efficient technology,

- R. C. Lenz and L. K. VanSlOn. The Effects nf\'ario/ls LCI'e!s 1If.-1~gre.l!(/fi(}1I III Tec!lIIoJo!:1
Su!JsriflW(IIlS (Austin. TX: Technology Futures. Inc .. 19871.
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